Nowadays, forest edges are in the focus of both ecological research and conservation. Edges are transition zones between adjacent habitats (Murcia 1995) and the edge effect hypothesis states that species richness increases at the border between different habitats (Odum 1971) . Edges may also have a crucial role in maintaining natural biodiversity (Kotze and Samways 1999) .
Studies of the edge effect on invertebrates are usually aimed only at one trophic level (Heublein 1983 , Bedford and Usher 1994 , Asteraki et al. 1995 , Downie et al. 1996 , Magura and Tóthmérész 1997 . There are just a few published studies that include more than one trophic level (e.g. Helle and Muona 1985) . Species from different trophic levels may have diverse behaviours in response to environmental conditions. Therefore a comparative analysis of these taxa may be useful to explore general rules for edge effects.
In this paper we analysed the edge effect on two invertebrate taxonomic groups, which operate at different trophic levels. The weevils (Coleoptera: Curculionoidea) are a phytophagous group, and the spiders (Araneae) are a predator group.
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The edge effect on weevils and spiders was tested along oak forest -meadow transects using sweep-net samples at the Síkfőkút Project in Hungary. For spiders the species richness was significantly higher in the forest edge than either in the meadow or the forest interior. For weevils the species richness of the forest edge was higher than that of the meadow, but the difference was not statistically significant whereas the species richness of the forest interior was significantly lower than that of the forest edge and the meadow. The composition of the spider assemblage of the edge was more similar to the forest, while the composition of weevils in the edge was more similar to the meadow. Our results based on two invertebrate groups operating on different trophic levels suggest that there is a significant edge effect for the studied taxa resulting in higher species richness in the edge.
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Material and methods
The sampling area was in the Bükk-Mountain, Hungary, in the research area of the "Sikfőkút Project" (Jakucs 1985) . It is covered by an oak forest (Quercetum petraeaecerris). Samplings were carried out along three replicated transects, which started from the forest towards a neighbouring meadow Calamagrostietum epigeii (L.) Roth. There were three characteristic habitats along the transects: 1) Oak forest: a ca 100-yr old stand, which was not forestry managed in the past 50 yr. The shrub layer and the herbaceous layer were dense. 2) Edge of the forest: the shrub layer was thick. In the undergrowth vegetation herb species characteristical of the meadow prevail. 3) An old field (meadow) that developed on a large deforested area after the clear-cutting of the oak forest. Earlier the clear-cut area was ploughed, but it was not cultivated during the last 15 yr. The floristic composition of the forest was analysed in detail by Papp and Jakucs (1985) . The forest margin was analysed by Mészáros et al. (1982) .
Vegetation of these habitats were characterised based on a field survey. In the tree layer of the forest Quercus petraea (Mattuschka) Lieblein was dominant; the cover of Q. cerris (L.) was ca 15%. The shrub layer was well-developed. In the high shrub layer (>1 m) Cornus mas (L.) and Acer campestre (L.) were dominant, along with other species like Acer tataricum (L.), Cornus sanguinea (L.), Q. petraea and Ligutrum vulgare (L.). In the low shrub layer Ligustrum vulgare, Q. petraea, Cornus sanguinea, Acer tataricum were frequent. In the low shrub layer (<1 m) Ligustrum vulgare, Q. petraea, Cornus sanguinea, Euonymus verrucosus (Scop.), E. europaeus (L.) were frequent. Also occurred the following species in the low shrub layer: Acer tataricum, Cretaegus monogyna (Jacq.), Cornus mas, Q. cerris, Prunus spinosa (L.). The cover of the herbs was 15-25%. The most frequent species were as follows:
In the forest edge the following species were frequent: Acer tataricum, Cornus sanguinea, Euorrymus verrucosus, Cornus mas. Other shrub species were relatively frequent: Prunus spinosa, Crataegus monogyna, Viburnum lantana (L.), Frangula alnus (Mill.), Ligustrum vulgare, Carpinus betulus (L.), Berberis vulgaris (L.), as well as the shrubs of the species of the tree layer. In the herbaceous layer the grass and herbs of the forest were present along with other species like Galium aparine
The frequent grass species of the meadow were the following: Agropyron repens, Agrostis sp., Arrhenatherum elatius (L.) Presl, Calamagrostis epigeios (L.) Roth, Dactylis polygama, Poa nemoralis (L.), Poa pratensis (L.). The grassland is under regular disturbance, which resulted in a larger proportion of dicotyledons than usual in a grassland. The following herbs were frequent:
In the herbaceous layer from May to September sweepnet samples were taken every three weeks, from the forest interior, from the forest edge, and from the meadow; 5 times altogether during the vegetation period. Each of the transects was 30 m long, and the sample consisted of 50 sweeps. Pooled samples were used for the numerical analysis.
The expected number of species in a sub-sample of m individuals is usually mentioned as the ES(m) diversity. It was used to compare the species richness of the studied habitats. In the case of small samples the unbiased, minimum variance estimation of ES(m) was provided by Smith and Grassle (1977): where n i is the number of individuals of the i-th species and N is the total number of individuals; the binomial coefficient was defined as where N! = 1· 2·….·N is the factorial. It is a useful and reliable statistical method characterising species richness in the case of large differences in the number of individuals in the samples (Ludwig and Reynolds 1988) . We used a subsample size of m=70 as standard, because the smallest sample size of all studied habitats was just slightly larger than that. The significance of the differences in species richness was tested by the usual t-test (Zar 1984) .
Species composition of the assemblages was compared by Bray-Curtis dissimilarity. Their dissimilarity structure was displayed by metric multidimensional scaling, calculated by the NuCoSA package (Tóthmérész 1993) ; it is frequently mentioned as Principal Coordinates Analysis or shortly as PCoA (Legendre and Legendre 1998) .
Results
We sampled 29 spider species and another 14 taxa that can be identified only to genera level. Gibbaranea bituberculata (Walckenaer, 1802) and Heliophanus cupreus (Walckenaer, 1802) were the most abundant species in the forest edge. The G. bituberculata was also present in the forest, while The ES(70) diversity (expected number of species in a random sub-sample of 70 individuals) of the spider assemblage of the forest edge was the highest. The assemblage of forest interior and of the meadow was less diverse. The expected number of species of the assemblage of forest edge was significantly higher than that of the assemblages of forest interior and meadow (t-test, DF>120, p<0.05), whereas the other differences in the ES(70) diversity were not significant ( Table 1) .
The expected number of species of weevils was highest at the forest edge; it was slightly less than that in the meadow, and the assemblage of the forest interior was the least diverse. The ES(70) diversity of the weevils of forest edge and meadow were not significantly different, while all other differences between habitats were significant (t-test, DF>120, p<0.05).
It is demonstrated by metric multidimensional scaling that the composition of the weevil assemblages of the forest edge and the meadow were similar to each other, and the weevil assemblage of the forest interior differed considerably from them (Fig. 1) . Composition of the spider assemblage of forest edge was more similar to the assemblage of forest interior than to the assemblage of the meadow.
Discussion
Our study showed that the spider assemblage of the forest edge was the most species rich. Heublein (1983) , Blick and Bliss (1991) and Downie et al. (1996) , studying spider assemblages of a forest and the adjacent grass, also reported that species richness was the highest at the forest edge. Our results also corroborated that there was a significant edge effect on the spider assemblages. That is, the species richness was significantly higher in the forest edge than in the adjacent habitats.
Previous works demonstrated that structural diversity of habitats and its derived changes in the abiotic environmental conditions were important factors structuring spider assemblages (Bergthaler 1996, Hatley and MacMahon 1980) . Greater structural diversity of a habitat accompanied by higher spider richness (Robinson 1981) . In the studied forest edge the leaf litter, the herbs and the shrubs contributed to the structural diversity and heterogeneity of the habitat. Increasing the cover of leaf litter, herbs and shrubs supported the development of abundant decomposers, phytophagous and predator invertebrates available as prey for spiders, which also increased spider species richness (Wise 1993) .
At the studied spatial scale, dispersal between adjacent habitats may also influence species richness. Heublein (1983) reported that by unfavourable environmental conditions (microclimate, food conditions, etc.) spiders migrate into habitat with favourable conditions. Furthermore, for some spider species, juveniles do not develop in the same habitat as is used by adults. Heublein (1983) pointed out that juvenile exemplars of Pisaura mirabilis were abundant in the open habitats, while adult individuals in the forest edge and in the forest. This fact explained the dominance of Pisaura mirabilis both in the meadow and in the forest in our research. Forest edge with specific abiotic and biotic environmental conditions may insure suitable consuming, hibernation and reproduction habitats for species (Murcia 1995) . Vlijm and Kossler-Geschiese (1967) reported that males of some spider species after copulation moved to the periphery of the habitat to avoid cannibalism and intraspecific competition. This dis- persal mechanism may also contribute the observed high species richness in the forest edge, and perhaps the similarity of the spider assemblages of the forest and the forest edge is due to these movements. Downie et al. (1996) also reported that spider composition of forest edge was more similar to the forest interior than to the grass. Our study proved that the weevil assemblage of the forest edge was slightly more species rich than the other habitats. Although, the species richness of weevil assemblage of the forest edge and the meadow was not different significantly, these assemblages were significantly richer in species than the forest interior. Previous studies pointed out that there was a positive correlation between the species richness of weevil assemblage and the cover of herbs (Brown and Hyman 1986) . With the increasing of the cover of herbs, the spectrum of weevils' feed-plants also increased, thus more weevil species can find their feedplants (Witkowski 1975) . The high coverage of the herbs in the forest edge and in the meadow explained the high species richness of these habitats. For example, Phyllobius vespertinus occurred exclusively in the meadow because its feed-plants (Achillea, Dactylis and Fragaria species) were in large number in the meadow. In the forest edge the most frequent occurrence of Otiorhynchus fullo (Schrank, 1781) was explained by the high abundance of its food-plants (e.g. Prunus spinosa, Crataegus species). As the food-plants (Achillea species) of Eusomus ovulum were frequent both in the meadow and in the forest edge, this weevil species was also captured in both habitats. With the decreasing of the canopy cover, the herbs typical of meadow can also penetrate into the forest edge and thus the species composition of the herbaceous layer of the forest edge and the meadow become more similar. Similarity of the species composition of herbaceous plants explains the high relative similarity of weevil assemblages of the forest edge and the meadow. It also explains how the diversity of the weevil assemblage of these habitats were not significantly different.
However, many polyphagous weevils (18.6% of the sampled species and 47.2% of the species captured in the forest edge) occurred exclusively in the forest edge. This fact cannot be explained by the presence of the feed-plants but rather with the special abiotic and biotic environmental factors that characterise the forest edge. Namely, proximity of two structurally dissimilar habitats (meadow and forest) resulted in a special abiotic environmental conditions in the forest edge, which can also influence both the abundance, distribution of species and the species interactions, such as predation, competition etc. (Murcia 1995) .
Our results, similar to previous studies analysing edge effect on other taxa of invertebrates, revealed that there was a significant edge effect on the studied phytophagous and predator invertebrate groups (Heublein 1983 , Helle and Muona 1985 , Duelli et al. 1990 , Bedford and Usher 1994 , Magura and Tóthmérész 1997 . There were no publications demonstrating the edge effect for these two particular taxa. It is important to stress that the two studied invertebrate groups operated at different trophic levels. The weevils were a phytophagous group, and the spiders were a predator group. In spite of their ecological and/or trophic differences both of them exhibit a significant edge effect. We have demonstrated that the high species richness observed in the forest edge was partly due to the presence of species characteristic of each of the adjacent habitats plus edge-associated species.
